from a case of pneumonia did not agglutinate in normal rabbits. It has also been shown that pneumococci and Shiga dysentery bacilli were made readily agglutinable in normal rabbits by intravenous injections of specific immune horse serum. It was not certain, however, that these organisms would be agglutinated in actively immunized animals. Immune animals are highly resistant to infection with these bacteria and if agglutination in vivo plays an important part in the protection of animals against infection, it should occur in this instance. Hence rabbits were immunized with these organisms and in vivo agglutination tests were made. It was thus found that pneumococci, Shiga dysentery bacilli, and Friedlander bacilli are agglutinated immediately upon entering the blood stream of actively immunized animals. Indeed, the agglutination takes place so quickly and the clumps leave the circulation with such rapidity that no time can be lost in taking the blood from the heart if clumps are to be found. Only a few bacteria are left in the circulation at the end of the 1st minute.
That Bacillus mucosus capsulatus is agglutinated so readily in actively immune animals is especially interesting since this organism is agglutinated with difficulty in vitro. The sera of the rabbits used for the in vivo agglutination tests would not agglutinate the bacilli in dilutions above 1: 5 in vitro.
Agglutination in Normal Rabbits.-A number of bacteria have been tested for agglutination in normal rabbits. The bacterial suspensions used in the tests were obtained either by centrifuging large quantities of bouillon cultures or by washing the bacteria from solid media with salt solution. In order to avoid false results an effort was made to free the suspensions of clumps before they were injected. As a rule, however, one specimen of blood could be obtained after the bacteria were injected before agglutination occurred, and this eliminated the possibility of the clumps that were found in the later specimens having been injected. Bacteria that agglutinate spontaneously in fluid media or in salt solution suspensions do not give satisfactory results. Sufficient quantities of the cultures were injected to give a number of organisms in each microscopic field of a film from the heart's blood.
Non-Virulent Pneumococci.-A strain of pneumococci of low virulence was obtained from The Rockefeller Institute Hospital. It had been cultivated in 10 per cent immune horse serum for seventy generations. The immune serum was removed by ten transfers in plain bouillon. Each transfer was made by inoculating 100 cc. of bouillon with 0.5 cc. of the previous culture. This procedure diluted the immune serum so highly that it could not have influenced any of the subsequent results. Even at this time 15 cc. of a 20 hour bouillon culture did not kill a 1,500 gm. rabbit.
With strains of the same organism differing so widely in virulence, it was interesting to compare the results of intravenous inoculations with the two strains. Virulent pneumococci, it will be remembered, remain in the circulation of normal rabbits, soon begin to multiply, and a fatal septicemia develops from an exceedingly small number of organisms. The virulent organisms are neither opsonized nor agglutinated by normal rabbit serum in vitro or in vivo. The fate of the non-virulent organisms is found to be as follows: Agglutination occurs immediately after the cocci reach the circulation, the clumps leave the blood stream with great rapidity and accumulate in the organs where they are taken up by phagocytic cells. In this case no infection arises and the rabbits remain in good condition. It is also interesting to point out that the two strains do not differ in toxicity; i.e., when dissolved in bile salts, one is as toxic as the other for rabbits. These two strains differ then in two essentials: the virulent strain does not agglutinate within the circulation of the normal rabbit and is not opsonized by normal rabbit serum, while the non-virulent strain agglutinates instantly after injection into the circulation of normal rabbits and is opsonized by the serum of normal animals.
Miscellaneous Strains.-The following organisms have been found to agglutinate in the circulation of normal rabbits: Staphylococcus aureus and albus, Bacillus coli, meningococci, gonococci, and strains of Bacillus mucosus capsulatus that had been on artificial media for a number of months. None of the strains used in these experiments produced general infections in rabbits and injections of subtoxic quantities were without obvious effect.
Bacillus avisepticus in Dogs and Rabbits.-As is well known, Bacillus avisepticus, as well as other members of the hemorrhagic septicemia group, becomes exceedingly virulent for rabbits after a few passages in these animals. Indeed, rabbits often become infected with these organisms in nature. Dogs are, on the other hand, much more resistant to infection with organisms of this group and natural infections are not known to occur. Hence in an effort to learn more of the mechanism of the natural resistance of animals to infection, it was deemed expedient to determine the fate and behavior of these organisms when injected into the circulation. A strain of Bacillus avisepticus was selected for this study.
Virulence and Toxicity.-It was soon found that cultures of Bacillus avisepticus are highly toxic for both rabbits and dogs, but that the results are quite different in the two species if subtoxic quantities of culture are given. This is illustrated in Table I , A and B. From Table I , A it is seen that bouillon cultures of Bacillus avisepticus are highly toxic for rabbits, 0.5 cc. of culture per kilo causing acute death. The intoxication is largely due to a toxin, since 1 cc. per kilo of body weight of a bacteria-free filtrate from a 24 hour culture causes acute death. Rabbits B and C show that a subtoxic dose of culture causes death within a few hours by a blood infection and that a very small quantity of culture is fatal. This organism seems to grow without restraint in the circulation of rabbits.
The experiments recorded in Table I , B show that a very small quantity of culture (0.2 cc. per kilo) causes a fatal intoxication in dogs, but that a subtoxic injection is without effect. This effect is quite different from that which occurred in the rabbits and proves that cultures of Bacillus avisepticus are exceedingly toxic for dogs but not infectious. What is the reason or mechanism of the resistance to the infection on the part of the dogs?
Bactericidal Action of Blood and Serum.-The serum and citrated and hirudinized blood of both dogs and rabbits were tested for their bactericidal action upon Bacillus avisepticus. The technique was as follows: 1 cc. of the fresh undiluted serum and blood was put in a series of tubes, and 0.05 cc. of 1: 40,000 dilution of a 24 hour bouillon culture of the bacilli was added. Two salt solution controls were run. One control tube was plated immediately after it was set up. The other tubes were kept at 37°C. for 2 hours and then plated.
The fresh serum and whole blood of both dogs and rabbits proved to be good culture media for the bacilli. The incubated salt solution control was sterile, but in the blood and serum tests there was a tenfold increase over the control plated at the beginning of the experiment.
Opsonins.-The Neufeld method was followed in testing the opsonic power of the sera. The bacilli were incubated with the serum for an hour before the leukocytes were added. The results are given in Table II. Guinea pig leukocytes were used in this experiment, and, as is shown in the table, rabbit serum failed almost entirely to opsonize the bacteria for these phagocytes. It was conceivable, however, that rabbit serum would opsonize the bacilli for other phagocytes, dog or rabbit. Hence other tests were made with serum-phagocyte combinations as follows: rabbit serum + dog phagocytes, rabbit serum + rabbit phagocytes, and guinea pig serum + dog and rabbit phagocytes. The results of all these experiments proved conclusively that the explanation of the phagocytosis was the presence of the dog serum. Any of the leukocytes would phagocyte the bacilli actively in the presence of dog serum and none of them to any degree in the presence of the other sera (Figs. 1, 2, and 3) .
Agglutinins.-Rabbit serum does not agglutinate Bacillus avisepticus in vitro, even in 90 per cent serum. In dog serum agglutination occurs only in the dilutions below 1:5. However, since it has been shown that bacteria agglutinate in the circulation of animals whose serum has little or no agglutinative power in the test-tube,' it was advisable to do the reactions in vivo. Dog C.-Weight 9 kilos. The bacilli from four agar slants were suspended in salt solution and injected into the ear vein. Specimens of blood were taken from the heart, as indicated in Table III. The dog was killed at the end of 30 minutes and portions of the lungs, liver, and spleen were crushed and examined for clumps. The lungs showed many large clumps and free bacilli; the liver, clumps and a few free bacilli; the spleen, a few clumps. Leukocytes containing clumps of bacteria were found in the lung and liver specimens (Figs. 4 and 5) .
The result of this experiment considered with those of other experiments indicates that these bacilli are agglutinated immediately upon entering the blood stream of dogs, and that the agglutinated bacteria accumulate in the lungs, liver, and spleen, where they are taken up by phagocytic cells.
Similar experiments were made with rabbits and it was found that the bacilli are not agglutinated, remain in the circulation, and soon begin to multiply (Fig. 6) . Cultural methods showed that the injected bacilli gradually decrease in number for the 1st hour, at which time they begin to increase with marked rapidity.
DISCUSSION.
The results of the preceding experiments corroborate the occurrence and amplify the significance of the agglutination of bacteria within the circulation of infected or inoculated animals It has been pointed out that an inverse ratio seemed to exist between the power to produce septicemia and the degree of the agglutination of the infecting bacteria in the circulation of the host.' This conclusion was drawn from observations made with a few bacteria and with one animal species, the rabbit. The observations described above have a double import in that a large number of bacteria has been studied and the observations have been extended to other animals.
In the first place, it is shown that bacteria of low agglutinability in the test-tube are agglutinated with great facility in actively immunized animals. Bacillus muscosus capsulatus agglutinates with marked rapidity in the circulation of actively immunized rabbits, while the sera of the same animals do not agglutinate the bacilli in dilutions above 1:5 after several hours' incubation. Virulent pneumococci and Shiga dysentery bacilli are also readily agglutinated in the blood stream of immune rabbits. Hence it appears that active immunity insures the agglutination of the specific bacteria when they are injected into the circulation. It is possible, of course, that exceptions to this rule may be found.
The behavior of non-virulent pneumococci in the circulation of normal rabbits is especially interesting since it is so different from that of virulent strains. As far as was determined, these strains differed in only two respects: the septicemia-producing strains are neither opsonized nor agglutinated by normal rabbit serum, while the non-virulent strains are both agglutinated and opsonized, especially within the animal body. If these results are added to those obtained with such organisms as Staphylococcus aureus and albus, meningococci, gonococci, influenza bacilli, and Bacillus coli, the relation between agglutination and opsonization and the power to produce a general infection becomes evident; i.e., they are inversely parallel.
This relation is again observed in comparing the infectiousness of Bacillus avisepticus for dogs and rabbits, and the fate of the bacilli when injected into the circulation of these animals. Here, also, the power of the serum to agglutinate and opsonize the bacteria was the only distinguishing feature. These results especially emphasize the significance of agglutinins and opsonins in the mechanism of natural resistance to infection, since Bacillus avisepticus produces a powerful toxin and is still incapable of causing a septicemia of any consequence in the presence of these antibodies.
It should be stated that we have no intention to urge that agglutinins and opsonins are all there is to the immunity forces, but we wish to emphasize the fact that they are operative within the circulation and organs of infected animals where they seem to play a decisive part in many instances. SUMMARY. 1. Pneumococci, dysentery bacilli of the Shiga type, and Bacillus mucosus capsulatus are agglutinated immediately when injected into the circulation of actively immunized rabbits.
2. Staphylococcus aureus and albus, colon bacilli, meningococci, gonococci, and non-virulent pneumococci agglutinate in the circulation of normal rabbits.
3. Bouillon cultures of Bacillus avisepticus are highly toxic for both rabbits and dogs. The fresh sera of these animals have no bactericidal action upon the bacteria. Dog serum opsonized the bacilli in vitro, and they are agglutinated and opsonized in the circulation and organs of normal dogs. On the other hand, none of this occurs in connection with normal rabbits. A very small quantity of culture produces a fatal septicemia in rabbits, but a subtoxic dose is without effect in dogs.
4. The degree of agglutination and opsonization of bacteria within the animal body is inversely parallel to the infectiousness of the bacteria for the host. 6 . A film from the heart's blood of a rabbit 5 minutes after a suspension of Bacillus avisepticus had been injected.
